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SUMMARY  PAGE 


THE  PROBLEM 

In  previous  investigations  of  saturation  excursion  diving,  it  was  ob¬ 
served  that  symptoms  of  decompression  sickness  manifested  themselves  in 
poorly  localized  muscle  ache  and  stiffness  which  did  not  respond  to  recom¬ 
pression  and  oxygen  treatment.  This  appeared  to  be  associated  with  a  large 
CO2  excretion  in  the  urine.  The  possible  physiological  mechanisms  need 
evaluation . 

FINDINGS 

Detailed  analysis  of  the  urine  electrolytes  of  4  divers  participating  in 
saturation  excursion  dives  to  800  and  1000  FSW  demonstrated  that  in  all 
cases  an  increase  in  urinary  CO2  excretion  and  calcium  excretion  oc¬ 
curred  during  certain  periods  of  decompression.  In  two  subjects  who  de¬ 
veloped  symptoms  of  decompression  sickness  of  the  type  which  did  not  re¬ 
spond  to  recompression  and  oxygen  treatment,  the  carbon  dioxide  excre¬ 
tion  in  the  urine  was  more  pronounced  and  was  preceded  or  followed  by  a 
calcium  tide.  These  observations  point  to  the  bone  with  its  large  CO2  and 
calcium  store  as  a  target  organ  in  decompression  sickness.  The  hypothe¬ 
sis  is  presented,  that  during  compression  a  greater  influx  of  calcium  and 
carbon  dioxide  occurs  into  the  fast  exchanging  bone  carbon  dioxide  and 
calcium  stores  followed  by  a  greater  outflow  of  calcium  and  carbon  diox¬ 
ide  during  decompression  in  relation  to  increased  and  decreased  bone- 
blood  flow,  respectively.  Recent  advances  in  bone  physiology  seem  to 
support  this  hypothesis. 

APPLICATION 

These  findings  are  of  interest  to  Medical  Officers  involved  in  diving 
operations  and  research  personnel  concerned  with  decompression  prob¬ 
lems.  The  hypothesis  appears  to  offer  new  avenues  of  approach  to  the 
study  of  decompression  sickness  and  aseptic  bone  necrosis. 


ADMINISTRATIVE  INFORMATION 

This  investigation  was  conducted  as  part  of  Bureau  of  Medicine  and 
Surgery  Research  Unit  MR041.01.G1-0063BOKL.  The  present  report  is 
Number  8  on  this  work  unit.  It  was  submitted  for  review  on  29  November 
1972,  approved  for  publication  on  12  February  1973  and  designated  as 
NavSubMedRschLab  Report  Number  738. 

PUBLISHED  BY  THE  NAVAL  SUBMARINE  MEDICAL  RESEARCH  LABORATORY 


11 


r 


ABSTRACT 


Analysis  of  urine  electrolytes  obtained  during  saturation  excursion 
dives  of  four  divers  to  depths  equivalent  to  800  and  1000  feet  of  sea  water 
sKowed  in  all  cases  during  decompression  an  increase  in  urinary  CO2 
excretion  and  calcium  excretion.  In  two  subjects  who  developed  symp¬ 
toms  of  decompression  sickness  manifested  in  poorly  localized  muscle 
aches  and  stiffness  of  joints  which  did  not  respond  to  recompression  and 
oxygen  treatment,  the  carbon  dioxide  excretion  in  the  urine  was  more 
pronounced  and  was  preceded  or  followed  by  a  calcium  tide.  These  ob¬ 
servations  point  to  the  bone  with  its  large  CO2  and  calcium  store  as  a 
target  organ  in  decompression  sickness.  The  hypothesis  is  presented 
that  during  compression  a  greater  influx  of  calcium  and  carbon  dioxide 
occurs,  into  the  fast  exchanging  bone  carbon  dioxide  and  calcium  stores 
related  to  an  increase  in  bone-blood  flow.  During  decompression  a 
greater  outflow  of  calcium  and  carbon  dioxide  seems  to  develop  corre¬ 
sponding  with  a  decreased  bone-blood  flow.  Recent  advances  in  bone 
physiology  appear  to  provide  a  fitting  framework  for  this  hypothesis. 
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INVOLVEMENT  OF  0O2  AND  CALCIUM  STORES  IN 
DECOMPRESSION  SICKNESS 


INTRODUCTION 

In  a  previous  communication,  Schae¬ 
fer  et  al7 '  reported  that  symptoms  of 
decompression  sickness  manifested  in 
poorly  localized  muscle  aches  and  stiff¬ 
ness  which  did  not  respond  to  recom¬ 
pression  and  02  treatment  appeared  to 
be  associated  with  fluid  and  electrolyte 
shifts  and  a  large  CO2  excretion  in  the 
urine. 

Further  analysis  of  urine  electrolyte 
data  revealed  that  in  these  cases  the 
carbon  dioxide  tide  was  preceded  or 
followed  by  a  calcium  tide  in  the  urine. 
These  observations  which  point  to  the 
bone  with  its  C02  and  calcium  sink  as  a 
target  organ  in  decompression  sickness 
are  presented  in  this  report. 

METHODS 

Four  subjects  participated  in  satura¬ 
tion  excursion  dives  to  pressure  equiv¬ 
alent  to  800  and  1000  feet  of  seawater 
(FSW).  Details  of  these  experiments 
and  decompression  schedules  have  been 
described  previously. 7 ' 

Twenty-four-hour  urine  specimens 
were  collected  in  polyethylene  bottles. 

A  cover  of  liquid  silicone  (Dow  Corning 
200)  was  used  to  prevent  C02  from  es¬ 
caping  from  the  urine  into  the  chamber 
atmosphere.  Aliquots  were  frozen  until 


analyzed.  Total  urine  C02  was  deter¬ 
mined  by  the  manometric  method  of  Van 
Slyke.  Urine  pH  was  measured  with  the 
Beckman  pH  meter. 

Inorganic  phosphorus  in  the  urine 
was  determined  by  the  method  of  Fiske 
and  Subbarow  as  modified  by  Roe  and 
Whitmore.7  3 

Calcium  in  the  urine  was  measured 
according  to  the  method  of  Clark  and 
Collipf  a  modification  of  the  procedure 
of  Kramer  and  Tisdall . 


RESULTS 

Data  obtained  during  the  saturation 
excursion  dive  to  depth  equivalent  to 
800  feet  of  seawater  are  shown  in  Fig¬ 
ures  1  and  2. 

The  dive  profile  is  presented  in  the 
lower  part  of  the  figures.  C02  excre¬ 
tion  and  calcium  excretion  are  plotted 
together .  In  the  first  case  the  diver 
developed  bends  during  the  800  FSW 
saturation  excursion  dive.  During  the 
same  day,  the  C02  excretion  rose  to  a 
peak  6  times  above  the  initial  value, 
while  the  calcium  excretion  rose  to  a 
level  twice  normal  during  the  subse¬ 
quent  day  (Figure  1).  The  other  diver, 
who  did  not  experience  bends  during  the 
decompression  from  800  feet,  showed 
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Fig.  I.  Carbon  dioxide  and  calcium  excretion  in  the 
urine  during  saturation  excursion  dive  to 
800  FSW  (Expressed  in  percent  change  from 
control  values).  Subject  B.  H. 


Fig.  2.  Carbon  dioxide  and  calcium  excretion  in  the 
urine  during  saturation  excursion  dive 
to  800  FSU  (Expressed  in  percent  change 
from  control  values).  Subject  R.  W. 


smaller  elevations  of  CO2  excretion  and 
calcium  elimination  during  the  decom¬ 
pression  period  (Figure  2). 

In  the  second  saturation  excursion 
dive  to  1000  FSW,  both  divers  experi¬ 
enced  symptoms  of  decompression  sick¬ 
ness  during  decompression  at  30  FSW. 
Recompression  to  60  FSW  relieved  the 


symptoms  in  one  diver  but  not  in  the 
other.  Subsequent  recompression  to 
165  FSW  and  527  FSW  had  no  success 
either  in  relieving  the  symptoms  in  the 
second  diver.  After  staying  two  hours 
at  the  depth  of  521  feet,  the  diver  re¬ 
ceived  one  tablet  of  Bufferin,  which 
had  an  immediate  effect.  The  diver 
could  sleep  without  pain  and  the  subse¬ 
quent  decompression  was  uneventful. 
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Figure  3  shows  the  COg  and  calcium 
excretion  of  the  diver  who  experienced 
severe  bends  during  the  decompression 
from  1000  FSW  saturation  excursion 
dive. 

CO2  excretion  is  increased  7  fold 
during  the  24  hours  preceding  the  ap¬ 
pearance  of  bends  in  which  the  divers 
were  decompressed  from  200  to  about 
50  FSW  and  shows  only  a  small  eleva¬ 
tion  during  the  day  at  which  the  bends 
occurred.  However,  calcium  excretion 
exhibits  a  peak,  3-fold  above  normal, 
during  the  day  the  symptoms  of  decom¬ 
pression  sickness  occurred,  and  the 
massive  recompression  to  527  FSW  was 
instituted . 

The  second  diver  who  had  only  tem¬ 
porary  intermittent  pain  in  both  knees 


Fig.  3.  Carbon  dioxide  and  calcium  excretion  in  the 
urine  during  saturation  excursion  dive  to 
1000  FSW  (Expressed  in  percent  change 
from  control  values).  Subject  D.  F. 


between  50  and  40  FSW  exhibited 
throughout  the  decompression  period, 
in  intervals  of  approximately  two  days , 
large  increases  in  CO2  excretion  and 
only  one  time  was  such  a  large  peak  in 
CO2  excretion  preceded  by  a  marked 
rise  in  urinary  calcium  reaching  a 
level  3  times  higher  than  initial  values. 
This  occurred  on  the  second  day  of  the 
decompression  period  following  the  re¬ 
compression  to  527  FSW  (Figure  4). 

The  calcium  tides  in  the  urine  ob¬ 
served  in  association  with  large  CO2 
excretion  during  decompression  were 
found  to  have  no  correlation  with  altera¬ 
tions  in  the  excretion  of  inorganic  phos¬ 
phate  at  the  time  of  the  tidal  phase  as 
seen  in  Figures  5  and  6  for  the  two 
divers  participating  in  the  1,000  FSW 
dive. 


Fig.  4.  Carbon  dioxide  and  calcium  excretion  m  the 
urine  during  saturation  excursion  dive  to 
1000  FSW  (Expressed  in  percent  change 
from  control  values).  Subject  C.D. 
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Fig.  5.  Calcium  and  inorganic  phosphorus  ex¬ 
cretion  during  saturation  excursion  dive 
to  1000  FSH  (Expressed  in  percent 
change  from  control  values). 

Subject  D.  F. 

The  excretion  of  inorganic  phosphate 
generally  increased  during  compression 
and  tended  to  decrease  during  decom¬ 
pression. 

Similar  behavior  was  found  in  the 
two  divers  during  the  800  FSW  satura¬ 
tion  excursion  dive. 


DISCUSSION 

The  observations  made  in  this  study 
point  to  the  bone  with  large  'carbon 
dioxide  and  calcium  sinks  as  a  target 
organ  in  decompression  sickness .  But 
this  would  involve  rapidly  exchangeable 
calcium  and  carbon  dioxide  pools,  in 
the  bone. 


Fig.  6.  Calcium  and  inorganic  phosphorus  ex¬ 
cretion  during  saturation  excursion  dive 
to  1000  FSR'  (Expressed  in  percent 
change  from  control  values ). 

Subject  C.  D. 

Recent  findings  of  Bursaux^and  Neu¬ 
mann^  1  demonstrating  that  over  40%  of 
the  bone  CO2  store  consists  of  rapidly 
exchanging  bicarbonate  provide  a  better 
understanding  of  the  interaction  of  bone 
C02  and  calcium  stores. 

It  was  originally  shown  by  Neumann^ 
that  a  significant  amount  of  bone  CO2  is 
released  by  heating  the  bone.  After  a 
single  injection  of  C14  bicarbonate,  Neu¬ 
mann  found  the  specific  activity  of  C02 
lost  on  heating  the  bones,  was  more 
than  twice  that  of  the  remaining  CO2. 

He  concluded  that  the  rapidly  exchange¬ 
able  bone  CO2  pool  was  mainly  repre¬ 
sented  by  bicarbonates . 

Bursaux1^  investigated  the  exchange¬ 
ability  and  relation  between  blood  bi- 
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carbonate  and  bone  bicarbonate  by  ven¬ 
tilating  mechanically  paired  rats  for 
one  hour  with  air  and  different  CO2 
mixtures.  In  this  way  he  produced 
hyper-  and  hypocapnia  of  one-hour  dur¬ 
ation.  He  found  a  good  correlation  of 
CO2  content  of  mixed  venous  blood  ob¬ 
tained  with  a  catheter  and  bone  CO2 
content.  The  average  slope  was  1.27 
m,  C02/Kgbone  per  mm  PcOg* 

This  rapidly  exchangeable  CO2  pool 
in  the  bone  must  play  a  major  role  in 
the  maintenance  of  acid-base  balance. 
At  any  rate  the  bicarbonate  pool  in  the 
bone  is  large  enough  and  can  apparently 
be  released  fast  enough  to  account  for 
the  large  COg-bicarbonate  excretion 
observed  during  decompression. 

What  is  the  evidence  for  a  coupling 
of  COg  and  calcium  exchange  in  the 
bone,  which  would  be  necessary  to  ex¬ 
plain  the  calcium  tides  following  the 
bicarbonate  tides  ? 

We  know  from  the  studies  of  Free¬ 
man  and  Fenn'  in  1953  on  the  effects  of 
chronic  hypercapnia  and  hypocapnia, 
that  the  accumulation  of  bone  CO2  dur¬ 
ing  chronic  hypercapnia  produced  by 
exposure  to  10%  CO2  is  accompanied 
by  an  increment  in  bone  calcium. 
Moreover,  our  studies  of  calcium  me¬ 
tabolism  in  chronic  hypercapnia  in  men 
exposed  to  1.5%  CO2  for  42  days^  indi¬ 
cated  that  Ca  and  CO2  are  stored  in 
bone  during  acclimatization  to  CO2  and 
bone  Ca,  and  CO2  are  released  from 
bone  on  de-acclimatization. 

During  exposure  the  pH  showed  a 
biphasic  response,  a  decrease  lasting 
for  23  days  during  the  period  of  uncom¬ 
pensated  respiratory  acidosis  and  a  re¬ 


turn  to  normal  levels  during  the  subse¬ 
quent  period  of  24-42  days  of  compensa¬ 
tory  respiratory  acidosis .  Pulmonary 
and  urinary  CO2  excretion  showed  cor¬ 
responding  biphasic  changes.  The 
plasma  calcium  mirrored  the  pH 
changes.  Plasma  inorganic  phosphorus 
levels  were  markedly  increased  during 
the  initial  23  days  of  uncompensated 
respiratory  acidosis .  The  behavior  of 
the  plasma  inorganic  phosphorus  level 
may  have  had  a  particular  significance 
for  calcium  storage.  Recent  studies  of 

JO 

Nichols  et  al  have  demonstrated  that 
increased  phosphate  concentrations  in 
the  medium  of  bone  cells  causing  an  in¬ 
crease  in  calcium  influx  into  the  bone 
cells  -  or  block  Parathyroid  Hormone 
(PTH)  stimulated  calcium  movement  out 
of  the  cell.  This  effect  of  increased 
phosphate  concentration  has  also  been 
observed  by  Nichols  in  bone  cells  ob¬ 
tained  from  clinical  cases .  Based  on 
these  findings ,  the  elevated  phosphate 
concentrations  during  the  first  23  days 
of  exposure  to  1.5%  CO2  could  have 
contributed  to  the  calcium  storage  by 
blocking  the  outflux  of  calcium. 

During  the  recovery  on  air  following 
42  days  of  COg  exposure  a  calcium  tide 
occurred  after  8  days  in  the  blood  as¬ 
sociated  with  a  peak  pulmonary  CO2  ex¬ 
cretion  .  These  findings  lead  to  the 
conclusion  that  storage  of  carbon  diox¬ 
ide  and  calcium  in  the  bone  and  release 
from  the  bone  are  correlated. 

O 

In  studies  of  Gray  et  al  with  pro¬ 
longed  exposure  of  submariners  to  1% 
COg,  the  findings  of  Schaefer  et  al^on 
calcium  phosphorus  changes  were  con¬ 
firmed. 

The  evidence  cited  so  far  for  the 
coupling  of  CO2  and  calcium  exchange  in 
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bones  involves  the  slow  CO2  compart¬ 
ment  and  the  slow  calcium  compart¬ 
ment.  There  are,  to  our  knowledge,  no 
studies  reported  in  which  the  fast  ex¬ 
changeable  CO2  store  bicarbonate  in 
bone  and  the  fast  exchangeable  calcium 
fraction  were  simultaneously  measured 
under  conditions  of  acid  base  altera¬ 
tions  or  hyperbaric  conditions. 

We  assume  that  the  fast  exchange¬ 
able  CO2  and  calcium  fractions  have  a 
similar  relationship  as  seems  to  exist 
for  the  slow  exchangeable  compartments 
of  carbon  dioxide  and  calcium. 

Our  studies  of  saturation  excursion 
dives  to  800  and  1,000  FSW  produced 
evidence  showing  a  release  of  carbon 
dioxide  and  calcium  during  decompres¬ 
sion  which  appeared  to  be  correlated  in 
time .  In  subjects  with  symptoms  of 
decompression  sickness ,  the  peaks  in 
urinary  CO2  and  calcium  excretion  were 
more  pronounced. 

Taking  into  account  the  findings  of 
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Bennett  on  calcium  retention  during 
compression  and  increased  calcium  ex¬ 
cretion  during  decompression  from  sat¬ 
uration  dives  to  1500  FSW  in  human 
subjects  and  those  of  Adams ^  showing  a 
decrease  in  bone  density  in  rats  follow¬ 
ing  decompression  from  600  FSW  simu¬ 
lated  dives,  and  the  recent  observations 
of  Hills  and  Straley9  demonstrating  an 
increased  bone  blood  flow  during  com¬ 
pression  and  a  decreased  bone  blood 
flow  during  decompression,  the  follow¬ 
ing  hypothesis  is  suggested: 

(1)  During  compression  there  is  a 
greater  influx  of  calcium  and 
carbon  dioxide  into  the  fast  ex¬ 
changing  bone  carbon  dioxide  and 


calcium  stores  related  to  an  in¬ 
creased  bone  blood  flow. 

(2)  During  decompression  there  is  a 
greater  outflow  of  carbon  dioxide 
and  calcium,  corresponding  with 
a  decreased  blood  flow  in  the 
bones . 

(3)  Symptoms  of  decompression 
sickness  which  do  not  respond 
immediately  to  recompression 
and  oxygen  therapy  occur  when 
the  outflow  of  carbon  dioxide  and 
calcium  is  accelerated. 

(4)  Other  factors  may  influence  this 
hypothetical  mechanism  in  vari¬ 
ous  ways. 

There  were  two  considerations  which 
led  to  the  presentation  of  this  hypothesis 
of  involvement  of  CO2  and  calcium 
stores  in  decompression  sickness,  even 
if  the  evidence  is  scanty  at  the  present 
time.  First,  we  still  have  a  largely 
taxonomic  descriptive  approach  to  the 
problem  of  decompression  sickness  and 
aseptic  bone  necrosis,  as  any  survey  of 
literature  can  show.  There  are  great 
difficulties  in  establishing  adequate  ex¬ 
perimental  models  and  we  do  not  have  a 
real  understanding  of  the  physiological 
mechanism  underlying  the  development 
of  decompression  sickness  and  aseptic 
bone  necrosis. 

The  second  consideration  is  related 
to  some  newer  aspects  in  bone  physi¬ 
ology,  which  provided  the  framework 
for  the  proposed  hypothesis.  Bone  is 
the  major  CO2  store  of  the  body  which 
comprises  80%  of  the  total  CO2  store  or 
110  liter  out  of  130  liter  in  a  70  Kg 
man,  (Rahn^.  Bone  is  also  a  major 
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reservoir  for  electrolytes  and  plays  a 
very  important  part  in  the  maintenance 
of  normal  acid-base  balance.  Recent 
findings  of  Neumann777,77  and  Bursaux^ 
have  demonstrated  that  about  40%  of  the 
bone  is  present  in  form  or  rapidly  ex¬ 
changeable  bicarbonate.  A  rapid  turn¬ 
over  of  CO2  in  the  bone  would  require 
rapid  changes  in  bone-blood  flow .  It 
was  found  by  Shim  and  Paterson7 8 that 
the  metabolic  control  mechanism  of 
bone-blood  flow  is  the  most  potent  one. 

Breathing  mixtures  of  increased  C02 
or  low  O2  increased  bone  blood  flow  by 
about  20%.' 4  Acid  metabolites  had  simi¬ 
lar  effects.  The  bone  blood  flow  is 
about  10%  of  the  total  cardiac  output  in 
younger  people  and  6-8%  in  older  peo¬ 
ple.  In  bone  diseases  like  Reckling¬ 
hausen's  disease  and  Paget's  disease, 
an  enormous  increase  in  cardiac  output 
has  been  observed  (Cournand).0 

The  metabolic  control  of  bone  blood 
flow  might  play  a  role  in  the  recently 
reported  increases  in  bone  blood  flow 
during  compression  and  decreases  dur¬ 
ing  decompression  found  by  Hills  and 
Straley.9  Moreover  the  increasing  evi¬ 
dence  indicating  that  bone  has  a  mem¬ 
brane  function,  Neumann7 7  give  further 
support  for  rapid  exchanges  of  calcium 
and  carbon  dioxide .  The  K  distribution 
between  bone  fluid,  140  mEq/L  and  se¬ 
rum,  4  mEq/L  gives  a  good  proof  for 
the  compartmentalization  of  bone.77,77 
Large  fluxes  of  ionic  calcium  into  and 
out  of  the  skeleton  are,  according  to 
Neumann77,  continuously  maintained  and 
are  several  orders  of  magnitude  great¬ 
er  than  the  fluxes  related  to  resorption 
that  are  under  the  control  of  PTH. 


Moreover  recent  studies  of  acetazol- 
amide  action  on  calcium  metabolism  in 
rats  suggest  a  role  of  carbonic  anhydrase 
and  thereby  CO2  on  bone  demineraliza¬ 
tion  (Waite  and  Kenny79). 


REFERENCES 

1.  Adams,  G.  M. ,  G.  P.  Vose,  and 
S.  J.  Norton.  Bone  Density 
Changes  and  Decompression  Sick¬ 
ness.  Proceed.  5thSympos.  on 
Underwater  Physiology,  21-25 
August  1972,  Freeport,  Bahamas. 

2.  Bennett,  P.  B.  andS.  P.  Gray. 
Changes  in  Human  Urine  and  Blood 
Chemistry  During  a  Simulated  Oxy¬ 
gen-Helium  Dive  to  1,  500  Feet. 
Aerospace  Med.  42,  868-874,  1971. 

3.  Bursaux,  H.  The  Bone  C02  Store . 
Proceed.  Satellite  Sympos.  XXV 
International  Congress  of  Physio¬ 
logical  Sciences,  CO2  and  Metabo¬ 
lic  Regulations.  Monaco,  1971. 

Eds.  N.  Chalazonitas,  G.  Nahas, 
and  K. E.  Schaefer,  Springer-Verlag, 
New  York,  1973 

4.  Clark,  E.  P.  and  J.  B.  Collip. 
Practical  Physiological  Chemistry 
(11th  Ed)  Hawk  and  Bergein,  1942, 
p.  468. 

5.  Cournand,  A.  Discussion  Remark 
in  "CO2  and  Metabolic  Regula¬ 
tions",  Eds.  Chalazonitas,  N. , 

G.  Nahas,  and  K.  E.  Schaefer, 
Spring  Verlag,  New  York,  1973. 

6.  Cumming,  J.  D.  A  Study  of  Blood 
Flow  Through  Bone  Marrow  by  a 


7 


Method  of  Venous  Effluent  Collec¬ 
tion.  J.  Physiol.  162,  13-20, 

1965. 

7.  Freeman,  F.  H.  and  Fenn,  W.  O. 
Changes  in  Carbon  Dioxide  Stores 
of  Rats  Due  to  Atmospheres  Low  in 
Oxygen  or  High  in  CO2 .  Am.  J. 
Physiol.  174,  422,  1953. 

8.  Gray,  S.  P.,  R.  J.  W.  Lambert 
and  J.  E.  Morris.  Calcium,  Mag¬ 
nesium  and  Phosphate  Metabolism 
During  Prolonged  Exposure  to  Car¬ 
bon  Dioxide.  J.  Royal  Nav.  Med. 
Serv. ,  LV,  238-243,  19G9. 

9.  Hills,  B.  A.  and  R.  Straley. 
Aseptic  Osteonecrosis:  A  Study  of 
Tibial  Blood  Flow  Under  Various 
Environmental  Conditions.  Aero¬ 
space  Med.  43,  724-729,  1972. 

10.  Neumann,  W.  F.  and  Mulryan,  B. 

J.  Synthetic  hyroxy-apatite  Cry¬ 
stal  IH:  The  Carbonate  System. 
Calc.  Tis.  Res.  1,  94,  1967. 

11.  Neumann,  W.  F.  and  W.  K.  Ramp. 
The  concept  of  bone-membrane : 
Some  Implications  in  Cellular 
Mechanisms  for  Calcium  Transfer 
and  Homeostasis .  Eds.  G.  Nichols, 
Jr.,  and  R.  H.  Wasserman,  Acad. 
Press,  1971,  p.  197-209. 

12.  Nichols,  G.  Jr.,  P.  Hirschmann 
andP.  Rogers.  Bone  Cells,  Cal¬ 
cification  and  Calcium  Homeosta¬ 
sis.  In  Cellular  Mechanisms  for 
Calcium  Transfer  and  Homeostasis. 
Eds.  G.  Nichols,  Jr.  and  R.  H. 
Wasserman,  Acad.  Press,  1971, 
pp.  211-237. 


13.  Rahn,  H.  The  Gas  Stores  of  the 
Body  with  Particular  Reference  to 
Carbon  Dioxide.  In  "Man's  Depend¬ 
ence  on  the  Earthly  Atmosphere". 
Ed.  K.  E.  Schaefer,  Macmillan, 
1962,  p.  297-304. 

14.  Radomski,  M.  W.  and  P.  B.  Ben¬ 
nett.  Metabolic  Changes  in  Man 
During  Short  Exposure  to  High 
Pressure.  Aerospace  Med.  41: 
309-313,  mol 

15.  Roe,  J.  H.  and  R.  Whitmore. 
Clinico-pathologic  Applications  of 
Serum  Phosphatase  Determina¬ 
tions,  with  special  reference  to 
lesions  of  the  bones.  Am.  J.  Clin. 
Path.  8:  233-254,  1938. 

16.  Schaefer,  K.  E.,  G.  Nichols  Jr. , 

C.  R.  Carey.  Calcium  Phosphorus 
Metabolism  in  Man  During  Accli¬ 
matization  to  CO2 .  J.  Appl. 

Physiol.  18,  1079-1084,  1963. 


17.  Schaefer,  K.  E.,  C.  R.  Carey  and 
J.  Dougherty,  Jr.  Pulmonary  Gas 
Exchange  and  Urinary  Electrolytes 
Excretion  During  Saturation  Excur¬ 
sion  Diving  to  Pressures  Equiva¬ 
lent  to  800  and  1000  Feet  of  Sea¬ 
water.  Aerospace  Med.  41,  856- 
864,  197CL 


18.  Shim,  S.  S.  and  F.  P.  Patterson. 
A  Direct  Method  of  Qualitative 
Study  of  Bone  Blood  Circulation. 
Surgery  Gynec.  Obstet.  125,  261- 
268,  1967. 


8 


19.  Waite,  L.  C.  and  A.  D.  Kenny. 
Acetazolamide  and  Calcium  Me¬ 
tabolism  in  the  rat.  In  "Calci¬ 
tonin  1969" .  Eds .  S .  Taylor  and 
F.  V.  Foster,  442-450,  Heine- 
mann,  London,  1970. 


ACKNOWLEDGEMENTS 

The  contributions  of  Mrs.  G.  A. 
Cadwell  and  Mr.  A.  Messier  for  the 
determinations  of  urine  calcium,  inor¬ 
ganic  phosphorus  and  carbon  dioxide 
are  gratefully  acknowledged. 


UNCLASSIFIED 


DOCUMENT  CONTROL  DATA  -  R  &  D 

rSi'cunty  do ssificotion  of  title,  body  of  abstract  and  indexing  annotation  must  be  entered  wltcn  the  overall  report  is  classified) 


i.  originating  activity  (Corporate  author) 

NAVAL  SUBMARINE  MEDICAL  RESEARCH  LABORATORY 
Naval  Submarine  Medical  Center 


3  REPORT  TITLE 


INVOLVEMENT  OF  C()2  AND  CALCIUM  STORES  IN  DECOMPRESSION  SICKNESS 


4.  OESCRIPTIVE  NOTES  (Typo  of  report  and  inclusive  dates) 


Interim  report 


5'  AuTHOR(S)  (First  name ,  middle  initial,  lest  name) 


Karl  E.  SCHAEFER 


6  REPORT  DATE 


7a.  TOTAL.  NO.  OF  PAGES 


75.  NO-  OF  REFS 


12  February  1973 


fla.  contract  or  grant  no 


9a.  ORIGINATOR'S  REPORT  NUMBER(S) 


b.  PROJEC  T  NO. 


NSMRL  Report  Number  738 


e.  MR041  .  01: *01-006 3 BO KL 


96.  OTHER  REPORT  NOISI  (Any  other  numbers  that  may  be  assigned 
this  report) 


to.  DISTRIBUTION  STATEMENT 


Approved  for  public  release;  distribution  unlimited 


12.  SPONSORING  MILITARY  ACTIVITY 


Naval  Submarine  Medical  Center 
Box  600  Naval  Submarine  Base 
Groton,  Connecticut  06340 


13.  ABSTRACT 


Analysis  of  urine  electrolytes  obtained  during  saturation  excursion 
{Jives  of  four  divers  to  depths  equivalent  to  800  and  1000  feet  of  sea 
water  showed  in  all  cases  during  decompression  an  increase  in  urinary 
CO2  excretion  and  calcium  excretion.  In  two  subjects  who  developed 
symptoms  of  decompression  s  i  cknes  s,  mani  f  es  ted  in  poorly  localized  muscle 
aches  and  stiffness  of  joints  which  did  not.  respond  to  recompression  and 
oxygen  treatment,  the  carbon  dioxide  excretion  in  the  urine  was  more 
pronounced  and  was  preceded  or  followed  by  a  calcium  tide.  These  obser¬ 
vations  point  to  the  bone  with  its  large  CO2  and  calcium  store  as  a 
target  organ  in  decompression  sickness.  The  hypothesis  is  presented 
that  during  compression  a  greater  influx  of  calcium  and  carbon  dioxide 
occurs  into  the  fast  exchanging  bone  carbon  dioxide  and  calcium  stores 
related  to  an  increase  in  bone-blood  flow.  During  decompression  a 
greater  outflow  of  calcium  and  carbon  dioxide  seems  to  de ve 1 op> corre^ 
spending  with  a  decreased  bone-blood  flow.  Recent  advances  in  bone 
physiology  appear  to  provide  a  fitting  framework  for  this  hypothesis. 


.1473  (PAGE  1 ) 


S/N  0102- 014*  6600 


UNCLASSIFIED 

Security  Classification 


UNCLASSIFIED 


Security  Classification 


Bone  CO2  Stores 
Bone  Calcium  Stores 
Decompression  Sickness 


DD  ,'.”“,,1473  «**) 


(PAGE  2) 


Security  Classification 


